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Outline 
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✦CMS experiment     

✦ Angular analysis of                           decay

✦ Search for LFUV in        meson decays       

✦ Search for rare                         decay

✦ Summary

B0 → K*μ+μ−

B+
c

D0 → μ+μ−
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CMS experiment

•The CMS Experiment at the LHC was 
designed mainly for high-     physics 
(Higgs, top-quark, SM precision 
measurement, New Physics searches etc)


•However, robust muon system, good 
resolution and perfect vertex 
reconstruction provide promising 
opportunities for heavy flavour and 
quarkonia-related analyses


pT

pT
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Angular analysis of the                                  
decay in proton-proton collisions at      = 13 TeV 

QFTHEP-270

s

https://doi.org/10.1016/j.physletb.2025.139406

B0 → K*(892)0μ+μ−
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Motivation
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•                                  decay is a rare process, highly suppressed in the Standard Model, 
making it sensitive to new physics


• The four-body final state provides multiple angular observables


• Previous measurements by LHCb and other experiments have shown tensions with the 
Standard Model

B0 → K*(892)0μ+μ−

Phys.Rev.Lett.125(2020)011802
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Angular decay rate

K+

π −

θKPB0

K*0 rest frame

μ−

μ+

θ𝓁
PB0

μ+μ− rest frame

μ+

φ

B0 rest frame

μ−
K+

π −

•                                          decay can be 
described with q² and three decay angles 
B0 → K*(892)0μ+μ−

• CP-averaged angular decay rate is a function 
of observables


• Described by a set of parameters        
sensitive to new physics

• FL is longitudinal polarization fraction of the K*0


• FT  = 1 - FL

P′￼

i
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                 events selectionB0 → K*(892)0μ+μ−

Background sources:
• Run 2 (2016-2018) data is used, corresponding to 140 fb-1 

luminosity


• Trigger requires 2 muons + track


•                         and                          decays are used for the 
validation       


• BDT is used to distinguish signal from background          


B0 → J/ψK*0 B0 → Ψ(2S)K*0
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Fit procedure

Simultaneous 4D Fit:

• Accounts for K/π mass 
swap


• Includes angular efficiency 
corrections


• Models background from 
sidebands
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Fit results
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• HEPfit predictions are compatible 
with the measurements


• EOS and ABCDMN present 
tensions with the measured values 
of        and P2 P′￼

5

• In good agreement with LHCb 
and other experiments results
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Measurement of the ratio of                          
and                          branching fractions using 
three-prong      lepton decays in proton-proton 
collisions at      = 13 TeV 

QFTHEP-270

s

https://cds.cern.ch/record/2908224

B+
c → J/ψτ+ντ

B+
c → J/ψμ+νμτ
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Motivation
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• In SM the three lepton families have the same couplings for electroweak interactions - Lepton Flavour 
Universality (LFU) 

• A potential observation of LFU violation would be a clear sign of new physics beyond the SM


• Most measurements are consistent with LFU , though there are residual indications of potential violation in 
b → cτν transitions

Standart Model New Physics
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Motivation
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• BaBar, Belle and LHCb collaborations investigated 
R(D) and R(D*)


• Combination of  R(D)  and R(D*) measurements is  
3.2       larger than the SM prediction


• Recent LHCb (2025) measurement of R(D) and R(D*) 
is compatible with SM 

• In 2018 the LHCb Collaboration measured (2     
deviation w.r.t. SM) 

• In 2023 CMS measured             using leptonic     
decay mode (the result agrees with SM): 

Phys. Rev. D 88, 072012 Phys. Rev. D 94, 072007

Phys. Rev. Lett. 115, 159901Phys. Rev. Lett. 120, 121801

R(D) and R(D*) measurements

R(J/ψ) =
B(B+

c → J/ψτ+ντ)
B(B+

c → J/ψμ+νμ)
= 0.71 ± 0.17(stat) ± 0.18(syst)

σ

σ

R(J/ψ) τ

R(J/ψ) = 0.17 ± 0.33 Phys. Rev. D 111 (2025) L051102

Phys. Rev. Lett. 134, 061801
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Measurement  strategy
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• Signal (estimation based on MC) 
• Bc Backgrounds: Bc →J/ψDs(*) (→ 3 prong) (MC) 
• Other Bc decays: mainly Bc →J/ψD(*)+ ,  Bc →J/ψD+K(*)0 ,  

Bc →J/ψD(*)0K+ (MC) 
• Major background pp->Hadr(b)->J/ψ + X: Non-Bc 

hadrons producing J/ψ + X final state. Estimated directly in 
data

• Analysis is based on Run2 2016-2018 CMS data 
corresponding to an integrated luminosity of 138 fb-1 

• BDT is used to define signal signal-enriched and 
background-enriched regions


• ρ0(770) could be produced in 

• unrolled ρ1-ρ2 distribution - discriminating variable in the fit          
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Fit results
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• Simultaneous fit is performed with the 
leptonic  CMS  analysis 


• Systematic uncertainties  are 
incorporated into the fit as nuisance 
parameters

RJ/ψ = 1.04+0.50
−0.44

RJ/ψ = 0.49 ± 0.09(stat) ± 0.25(syst)
• Combination of leptonic and hadronic decay modes gives:


• For the hadronic decay mode only:   


• Consistent with the SM within 1σ 
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Search for the rare decay                    in proton-
proton collisions at      = 13.6 TeV 

QFTHEP-270

s
D0 → μ+μ−

https://arxiv.org/abs/2506.06152
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Motivation
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•  Rare decays are a powerful probe for physics beyond the Standard Model (BSM)


•The                     decay  is highly suppressed in the SM (B ~ 3×10⁻¹³)


• Rare charm decays mediated by “c → u” transition, which is less studied, comparing to “b → s”


•The previous best limit was set by LHCb (in 2022):                         at 90% (95%) CL 

D0 → μ+μ−

3.1(3.5) × 10−9 Phys. Rev. Lett. 131, 041804

Phys. Rev. D 66, 014009 



•Data used: Run3 (2022 and 2023) corresponding to 
an integrated luminosity of 64.5 fb-1 

•                        decay is used to suppress large 
combinatorial background 

• BF is calculated w.r.t. 


D*± → D0π±

D0 → π+π−
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Fit to data
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D0 → μ+μ− channel

channelD0 → π+π−

• 2D fit performed to                                  vs          


-  Signal: three Gaussian for        and two Gaussian 
for M(D) 


- Background from D0   decays: three Gaussian for        
and two Gaussian for M(D)   


- Combinatorial background: modified exponential 
for        and exponential for  M(D)          


Δm = M(Dπ) − M(D) M(D)

Δm

Δm

Δm
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Results
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• Upper limit is set using the asymptotic CLs method:
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• The most sensitive to date and provides a significant 
improvement since previous LHCb measurement

100 ± 120•Signal yield in                   :                (0.8    significance)         D0 → μ+μ− σ
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Summary 
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Summary 
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✤ A full angular analysis of the                                    decay is performed using the full CMS 
Run 2 dataset:


-A set of angular observables is measured with high precision

-The results show tensions with some Standard Model predictions, consistent with 
previous results of other experiments 


✤ A measurement of               is performed in hadronic     lepton decay mode using the full 
CMS Run2 data   


-Combination of leptonic and hadronic decay modes is consistent with the SM prediction


✤A search for                   decay is performed using CMS Run 3 data:

-  No significant excess above the fitted background is observed

-  The most stringent limit on flavor changing neutral currents in the charm sector is set


✤ The CMS experiment is producing many important results for heavy-flavour physics, and 
the new triggers in Run 3 will allow for significantly more precise measurements in the future
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B0 → K*(892)0μ+μ−

D0 → μ+μ−

R(J/ψ) τ


